S
evere sepsis, a generalized inflammatory host response to infection that results in coagulopathy, diffuse endovascular injury, and death, occurs in approximately 750,000 patients in the United States each year. 1 Patients with severe sepsis often experience failures of multiple organ systems, and recent estimates suggest that between 36% and 60% of all cases are fatal. 2, 3 Despite technical advances in critical care, including new dialysis techniques and methods of mechanical ventilation, sophisticated nutritional support, and antimicrobial therapies, mortality from severe sepsis and its sequelae had remained largely unchanged until the recombinant human activated Protein C Worldwide Evaluation in Severe Sepsis (PROWESS) trial. 4 In November 2001, drotrecogin alfa (activated) [Xigris; Eli Lilly and Company; Indianapolis, IN] was approved in the United States for the treatment of adult patients with severe sepsis who have a high risk of death. This approval followed the completion of a phase 3 clinical trial (1,690 patients) 4 and a supporting US phase 2 trial (131 patients). 5 The PROWESS trial was a double-blind, multicenter study that randomized adult patients with severe sepsis to receive a 96-h infusion of drotrecogin alfa (activated), 24 g/kg/h, or placebo in addition to usual care. The primary end point was 28-day all-cause mortality, and treatment with drotrecogin alfa (activated) was associated with a 19.4% relative risk reduction in death compared with placebo (p ϭ 0.005).
The Extended Evaluation of Recombinant Human Activated Protein C (ENHANCE) trial was a global, single-arm, phase-3B clinical trial of drotrecogin alfa (activated) that was designed to gather additional mortality and safety data among patients with severe sepsis in a monitored clinical trial setting. For administrative and data management purposes, this study was conducted as three separate and independent studies, and the study conducted in the United States (including Puerto Rico) concluded in November 2001. While the global ENHANCE study enrolled adult and pediatric patients, this report contains data only from the adult patients enrolled in the ENHANCE US study. Efficacy and safety data from the ENHANCE US study were compared with those from two completed, double-blind, placebocontrolled clinical trials that used similarly defined patient cohorts from the United States.
Materials and Methods

Patients
From March 2001 through November 2001, 273 eligible adult patients were enrolled in this trial, which was conducted in 85 study sites in the United States and two in Puerto Rico. Patient selection criteria were identical to that for the PROWESS trial and have been provided in more detail elsewhere. 4 Briefly, patients were eligible for entry if they had a suspected or proven infection, evidence of systemic inflammatory response, and one or more sepsis-induced organ dysfunctions that had lasted for Յ 48 h. Patients were excluded from the study if they were pregnant or breastfeeding, weighed Ͼ 135 kg, had a platelet count of Ͻ 30,000 cells/L, had a known hypercoagulable condition, were at an increased risk of bleeding, experienced their first sepsis-induced organ failure Ͼ 48 h prior to infusion, or were at a high risk of death from a nonseptic cause within 28 days.
Ethics
The institutional review board at each center approved the protocol, and written informed consent was obtained from every patient or their authorized representatives. The clinical coordinating center was available 24 h a day throughout the study to answer investigators' questions regarding safety and patient eligibility, and for the reporting of serious adverse events.
Treatment
Patients at each center received drotrecogin alfa (activated), 24 g/kg body weight per hour, as a continuous infusion for 96 h. Guidelines recommended that the infusion be interrupted 2 h prior to any surgical procedure, and be resumed within 1 h after any minor percutaneous and 12 h after any major surgical procedure. The study protocol allowed the concomitant use of antibiotics, fluids, vasopressors, or ventilatory support at the discretion of the investigator.
Evaluation
Patients were observed until the 28-day time point (ie, 672 h after the start of the infusion) or death. Baseline characteristics were assessed within 48 h prior to the start of infusion. Specifically, demographics, preexisting conditions, organ function based on sequential organ failure assessment (SOFA), 6 acute physiology and chronic health evaluation (APACHE) II score, 7 presence of septic shock, and laboratory values were assessed at study entry. The assessment of vital signs, infection status, transfusion status, and adverse events continued through day 28, and SOFA scores were collected on day 0 (ie, after the start of infusion) through day 4 in all patients and throughout the duration of the study if available. Patients were defined as having septic shock if they met the criteria for cardiovascular organ failure at any time within 6 h before the start of the infusion. Protein C deficiency was defined as a plasma protein C activity below the lower limit of normal (ie, Ͻ 81%) immediately prior to the start of the infusion. Vasopressor use was defined by a cardiovascular SOFA score of 3 or 4 at baseline. Central and local laboratories were used for all measurements, including hematology (with platelet counts), clinical chemistry, and coagulation in this study.
In addition to collecting mortality data, survivor location and status on day 28 were assessed and classified as follows: homerequiring no professional support, home-requiring paid professional support, or at a hospital or nursing home. All adverse events, including serious bleeding, were recorded up to 28 days after the start of infusion. Bleeding events were considered to be serious if they were fatal or life-threatening, or were associated with intracranial hemorrhage or the transfusion of Ն 3 U packed RBCs per day for 2 consecutive days. Other adverse events considered to be serious included those resulting in prolonged hospitalization or disability, or any other medically significant reason, as determined by the investigator. Serious bleeding events were considered to be procedure-related if they were associated with an invasive or surgical intervention.
Statistical Analysis
The primary efficacy end point was all-cause mortality, assessed 28 days (672 h) after the start of infusion. Ninety-five percent confidence intervals (CIs) were calculated for mortality data using the normal approximation for the binomial method. Stratified analyses were performed on selected baseline covariates that were reflective of disease severity and were considered to be prognostic indicators of death (eg, the number of organ failures, APACHE II score, and presence of septic shock). APACHE II quartiles and halftiles were based on the cut points from the global PROWESS trial. In addition, Kaplan-Meier curves were generated for 28-day all-cause mortality and were compared with historical comparator groups (described below).
Historical Comparators
Comparisons of 28-day all-cause mortality data were made with treatment groups from two double-blind, placebo-controlled clinical trials that used similarly defined patient populations from the United States. These studies consisted of the US subset of patients enrolled in the PROWESS trial and patients who had been randomly assigned to receive placebo as part of a phase 2 placebo-controlled trial of a secretory phospholipase A2 inhibitor (sPLA2I) 8 in the treatment of severe sepsis. (In the sPLA2I trial, which was sponsored by Eli Lilly and Company, the investigational drug LY315920Na/S-5920 failed to show a statistically significant survival benefit using prospectively defined primary analyses. 8 ) To minimize differences in patient characteristics, severity of illness, and treatment practice patterns across trials, treatment groups only from US trials of severe sepsis were compared. Because the PROWESS US and sPLA2I trials recruited populations using similar inclusion/exclusion criteria, these patient populations were appropriate comparators.
The primary difference among the comparator trials was that the sPLA2I placebo population did not exclude patients who were at a high risk for bleeding, because bleeding was not considered to be associated with this investigational drug. However, an increased risk of bleeding is associated with drotrecogin alfa (activated), and therefore patients at a high risk for bleeding were excluded from the ENHANCE US trial and the PROWESS US trial. In addition, the sPLA2I trial used slightly different criteria to define sepsis-induced organ failure. In the sPLA2I trial, respiratory failure was defined as a Pao 2 of Յ 300 mm Hg (compared to Յ 250 mm Hg in the PROWESS US and EN-HANCE US trials), and hematologic failure was defined as a 50% decrease in platelet count or a platelet count of Ͻ 100,000 cells/L (compared to a 50% decrease in platelet count or a platelet count Ͻ 80,000 cells/L in the PROWESS US and ENHANCE US trials). Baseline measures of disease severity were compared among the trials, but the sPLA2I trial did not collect data on septic shock, prior patient location, and protein C deficiency at baseline. Mortality results of the US trials were compared with the mortality of the global PROWESS trial.
Results
A total of 273 ENHANCE US adult patients received treatment with drotrecogin alfa (activated). Informed consent was obtained for 288 patients. Of these, 15 patients (5.2%) did not receive the study drug (on review, 13 of the 15 patients did not meet the entry criteria for the study, 1 patient withdrew consent before starting the infusion, and 1 patient withdrew from the study because of a physician decision). Patients in the study were scheduled to receive 24 g/kg/h drotrecogin alfa (activated) for 96 h (scheduled total dose, 2,304 g/kg). Of the 273 patients who received the study drug, 195 (71.4%) received drotrecogin alfa (activated) for a duration of at least 95 h. The mean actual dose of drotrecogin alfa (activated) received by treated patients was 24.02 g/kg/h (median dose, 24.00 g/kg/h). The mean total exposure to drotrecogin alfa (activated) was 1,994.83 g/kg (median exposure, 2,297.24 g/ kg). The total exposure was less than that scheduled primarily due to patient deaths. The most common reason for the interruption of drotrecogin alfa (activated) infusion was that the patient had to undergo a procedure.
Patient Characteristics at Baseline
As shown by Table 1 , the overall ENHANCE US patient population was comparable to those in historical comparator trials at baseline. As in both comparator studies, most of the patients in the ENHANCE US trial were white (72.9%). In addition, all three studies enrolled patients with a similar mean age, prior patient location (not available for sPLA2I trial), and recent surgical history. The ENHANCE US trial enrolled fewer patients who were at least 75 years of age than did comparator trials. Primarily due to lower chronic health problem scores, mean APACHE II scores were lower in the ENHANCE US trial when compared to those in the PROWESS US trial.
Based on other measures, however, patients in the ENHANCE US trial may have had greater disease severity at baseline when compared with patients from the PROWESS US trial. For example, more patients in the ENHANCE US trial (when compared to the PROWESS US trial drotrecogin alfa [activated] and PROWESS US trial placebo groups) were in shock (74.0% vs 65.1% and 70.5%, respectively), were receiving mechanical ventilation (74.4% vs 67.6% and 73.9%, respectively), and were receiving therapy with vasopressors (63.7% vs 50.6% and 55.2%, respectively). In addition, more patients in the ENHANCE US trial had two or more organ failures (72.9% vs 66.5% and 70.5%, respectively) and three or more organ failures (39.9% vs 29.5% and 34.6%, respectively). The majority of the patients in the ENHANCE US trial and the PROW-ESS US trial were protein C-deficient (Ͼ 75%).
Fewer patients in the ENHANCE US trial had a lung infection (46.9%) than in either the drotrecogin alfa (activated) treatment group (62.5%) or the placebo treatment group (55.8%) in the PROWESS US trial, or in the placebo treatment group of the sPLA2I trial (51.3%).
Severity of illness also was evaluated by APACHE II score at baseline. Notably, more patients in the fourth APACHE II quartile (APACHE II score, Ն 30) of the ENHANCE US trial required vasopressors (84.9% vs 69.0%, respectively), needed mechanical ventilation (94.3% vs 89.7%, respectively), had two or more organ failures (94.3% vs 82.8%, respectively), had three or more organ failures (69.8% vs 49.4%, respectively), and met the criteria for septic shock (92.5% vs 82.8%, respectively) compared with the fourth APACHE II quartile of the PROWESS US trial drotrecogin alfa (activated) group.
Efficacy
For all 273 adult patients enrolled in this study, the 28-day all-cause mortality rate was 26.4% (95% CI, 21.1 to 31.6%). Treatment with drotrecogin alfa (activated) in this trial was associated with a higher survival rate (6% higher) compared with those in the placebo groups in the PROWESS US trial and the sPLA2I trial. The mortality rate was similar to that observed in the drotrecogin alfa (activated)-treated group of the PROWESS US trial. By day 28, KaplanMeier survival curves for the two drotrecogin alfa (activated) groups were distinct from the two placebo comparator groups, as seen in Figure 1 . Mortality point estimates for populations treated with drotrecogin alfa (activated) in the ENHANCE US trial, the PROWESS US trial, and the global PROW-ESS trial were less than those in the comparable placebo groups (Fig 2) . Table 2 summarizes mortality by APACHE II score and other baseline covariates indicative of disease severity. The mortality rates determined by APACHE II halftiles and quartiles were consistently lower among treatment groups using drotrecogin alfa (activated) compared with historical groups using placebo groups, with the exception of the EN-HANCE US trial first APACHE II quartile when compared to that of the PROWESS US trial ( Table  2 ). In addition, the mortality rate was lower among patients in the ENHANCE US drotrecogin alfa (activated) treatment group with multiple organ failures (Ն 5.7% lower), mechanical ventilation (3.6% lower), and thrombocytopenia (Ͼ 11% lower) when compared with patients in the historical placebo groups.
Mortality was related to patient age. In the EN-HANCE US trial drotrecogin alfa (activated) treatment group, the 28-day mortality rate was 35.6% (21 of 59 patients) among patients who were at least 75 years of age, compared with 23.8% (51 of 214 patients) among patients who were Ͻ 75 years.
Safety
Bleeding was the only serious adverse event that was related to the administration of drotrecogin alfa (activated). In the ENHANCE US trial, the incidence of serious bleeding was 4.0% (95% CI, 1.7 to Figure 1 . Kaplan-Meier estimates of survival among trial groups of adult patients from the United States with severe sepsis who were treated with drotrecogin alfa (activated) or placebo. The thick, solid line represents the ENHANCE US trial drotrecogin alfa (activated) treatment group. 6 .4%) for the study drug infusion period (defined as the time the infusion was initiated to 24 h after the time infusion was permanently discontinued) and 5.5% (95% CI, 2.8 to 8.2%) during the 28-day study period (Fig 3) . When considering only serious bleeding events that were not procedure-related (ie, spontaneous bleeding events), the incidence of serious bleeding among patients in the ENHANCE US trial who had been treated with drotrecogin alfa (activated) was 1.8%, which was similar to the incidence among PROWESS US trial patients who had been treated with drotrecogin alfa (activated) [2.3%]. The rate of intracranial hemorrhage in the ENHANCE US trial was 0.35% (1 of 273 patients), which was comparable to the 0.56% rate (2 of 352 patients) among PROWESS US trial patients who had been treated with drotrecogin alfa (activated). In the ENHANCE US trial, a single intracranial hemorrhage (ie, a nonfatal petechial hemorrhage) occurred after the start of infusion in a 63-year-old woman who had meningitis. The most common sites of bleeding in patients in the ENHANCE US trial were GI, skin/soft tissue, and bone/joint. Serious bleeding is summarized by site and relationship to procedures in Table 3 .
Functional Status Among Survivors
Patient location and status at day 28 among survivors treated with drotrecogin alfa (activated) in the ENHANCE US trial was comparable to that for survivors treated with drotrecogin alfa (activated) in the PROWESS US trial (Table 4) . Of the 201 surviving adult patients in the ENHANCE US trial, 104 (51.7%) were at home on day 28 (80.8% of whom required no professional support). For the drotrecogin alfa (activated)-treated patients in the PROWESS US trial, 125 of 266 surviving patients (47.0%) were at home on day 28 (85.6% of whom required no professional support).
Discussion
The ENHANCE US study was an open-label, nonrandomized trial that allowed investigators to collect additional data about drotrecogin alfa (activated) in US patients with severe sepsis within a controlled clinical trial setting. Recognizing the limitations associated with comparing results across trials, treatment with drotrecogin alfa (activated) in the ENHANCE US trial resulted in a 28-day mor- tality rate that was similar to that of the drotrecogin alfa (activated) group in the PROWESS US trial. Consistent with a previous analysis of data from the global PROWESS trial, 9 the treatment effects of drotrecogin alfa (activated) were similarly observed among almost all subgroups in the ENHANCE US trial (ie, patients were segregated according to the number of organ failures, the use of a mechanical ventilator or vasopressor, and thrombocytopenia status), regardless of disease severity. The results from the ENHANCE US trial and the PROWESS US trial suggest that approximately one half of surviving patients with severe sepsis will be at home 28 days after the start of treatment with drotrecogin alfa (activated). The overall 28-day mortality rate in the EN-HANCE US trial was similar to that in drotrecogin alfa (activated)-treated groups from previous trials and was less than that in historical placebo treatment groups. Although the ENHANCE US trial patient population was younger and had a slightly lower mean APACHE II score at baseline, other characteristics indicated that patients in this population had a higher disease severity and were therefore less likely to survive during the 28-day study period than patients in the drotrecogin alfa (activated) group in the PROWESS US trial. For example, the EN-HANCE US trial had a higher percentage of patients who were receiving mechanical ventilation (74.4% vs 67.6%, respectively), met the criteria for septic shock (74.0% vs 65.1%, respectively), or were receiving vasopressors (63.7% vs 50.6%, respectively) at baseline than did the drotrecogin alfa (activated) group in the PROWESS US trial. In addition, patients in the ENHANCE US trial had a greater percentage of patients with two or more and three or more organ failures at baseline (72.9% vs 66.5% and 39.9% vs 29.5%, respectively). The slight mortality differences observed between the groups treated with drotrecogin alfa (activated) in the ENHANCE US trial and the PROWESS US trial may be explained by the smaller sample sizes and differences in baseline characteristics between the two groups.
28-Day Mortality Rate by Subgroups
In previous subgroup analyses of the PROWESS trial, the absolute magnitude of the treatmentrelated benefit observed with drotrecogin alfa (activated) appeared to be related to APACHE II score at *Results from the sPLA2I trial. 8 †APACHE II quartiles and halftiles were based on cutpoints from the global PROWESS trial. 4 ‡The sPLA2I trial used a slightly modified definition of organ failure (see Materials and Methods section). study entry. 9, 10 While drotrecogin alfa (activated) provided larger absolute risk reductions in mortality as patients' baseline disease severity increased, the relative risk reduction associated with drotrecogin alfa (activated) treatment was consistent, regardless of disease severity at baseline. 9 The ENHANCE US trial was not designed to evaluate specific subgroups. However, when compared with historical comparators, the ENHANCE US trial subgroups (including APACHE II halftiles and quartiles) experienced a consistent treatment benefit from drotrecogin alfa (activated) therapy. Because the variability of point estimates decreased as sample size increased, mortality results from the ENHANCE US trial subgroups that included the greatest number of patients, such as APACHE II halftiles, provided the most valid comparisons with the results of the PROWESS US trial (Table 2) . While patients in the ENHANCE US trial subgroups experienced higher survival when compared with historical placebo groups, some differences in mortality point estimates between the ENHANCE US trial and the PROWESS US trial were evident among specific subgroups of patients who had been treated with drotrecogin alfa (activated). For example, patients in the fourth APACHE II quartile in the ENHANCE US trial experienced higher mortality when compared with patients treated with drotrecogin alfa (activated) in the same subgroup of the PROWESS US trial, most likely due to small sample sizes and the higher underlying disease severity (ie, more patients required therapy with vasopressors and mechanical ventilation, had two or more and three or more organ failures, and met the criteria for septic shock) of these patients at baseline. Yet, patients in the ENHANCE US trial, the fourth APACHE II quartile experienced lower mortality than did the fourth APACHE II quartile of historical placebo groups. Patients in the first APACHE II quartile (ie, APACHE II score, Յ 19) were similarly heterogeneous across trials. Although the mortality rate was approximately 4% higher in the ENHANCE US trial subgroup when compared to treatment groups from the PROWESS US trial, this mortality rate compares favorably with that of the placebo group of the sPLA2I study (ie, a 5% higher survival rate). The 9% mortality difference between placebo groups in the first APACHE II quartile was the only important difference between historical placebo subgroups from the sPLA2I and PROWESS US trials, raising the possibility that the 12.9% mortality rate observed in the first APACHE II quartile of the PROWESS US trial may have been aberrant. Further support for this comes from the phase 3 trial 11 of tissue factor pathway inhibitor, in which the mortality rate was shown to be 21.7% among placebo patients with APACHE II scores of Ͻ 20 at baseline.
Patients in the ENHANCE US trial who were at a lower risk of death, based on variables other than APACHE II score (eg, patients with single organ failure, no vasopressor use, no ventilator use, or no septic shock), experienced lower mortality than did patients in the PROWESS US trial placebo group or the PROWESS US drotrecogin alfa (activated) group ( Table 2 ). The ongoing phase IV Administration of Drotrecogin alfa (activated) in Early Severe Sepsis trial 12 of patients with severe sepsis who have a lower risk of death as determined by APACHE II score, number of organ failures, or physician assessment will evaluate the efficacy of drotrecogin alfa (activated) in this patient population.
Data from the global PROWESS trial showed that older patients with severe sepsis who were treated with drotrecogin alfa (activated) had greater survival rates than older patients treated who were with placebo. 13 Patients who were Ն 75 years of age in the drotrecogin alfa (activated) treatment group of the ENHANCE US trial experienced a 28-day mortality rate of 35.6%, which is comparable to the 33.7% mortality rate among patients in the drotrecogin alfa (activated) group who were Ն 75 years of age in the global PROWESS trial and was less than the 49.2% rate among patients who were Ն 75 years of age who were receiving placebo. 13 
Risk of Bleeding
The only serious adverse event that was associated with drotrecogin alfa (activated) treatment in the ENHANCE US trial or the PROWESS US trial was bleeding, which was related to its antithrombotic and profibrinolytic properties. 4, 14 While any agent with similar properties can be expected to increase the risk of bleeding, this risk may be balanced by the prevention of thrombosis, which frequently occurs in patients with severe sepsis. For example, the results from combined clinical trials 9, 14, 15 showed that when compared with placebo, patients treated with drotrecogin alfa (activated) experienced numerically fewer thrombotic events and deaths from thrombotic events such as stroke and myocardial infarction. Furthermore, as shown by the global PROWESS trial, 4 the survival benefit from drotrecogin alfa (activated) therapy far outweighs the risk of bleeding.
In the present study (ie, the ENHANCE US trial), more patients treated with drotrecogin alfa (activated) experienced at least one serious bleeding event during the 28-day period compared with those in the PROWESS US trial (5.5% vs 3.7%, respectively). In the ENHANCE US trial, 69% of serious bleeding events were considered to be procedurerelated. In contrast, this procedure-related rate was only 38% among drotrecogin alfa (activated)-treated patients in the PROWESS US trial. When adjusted for these events, the incidence of spontaneous serious bleeding during the 28-day study period was similar in the ENHANCE US compared to that in the PROWESS US trial (1.8% vs 2.3%, respectively). Differences in observed bleeding rates between the two trials may be related to differences in the procedures performed, the timing of drug interruption and continuation, and patient characteristics (eg, degree of coagulopathy). The infusion of drotrecogin alfa (activated) should be discontinued 2 h before the patient undergoes invasive procedures, and should be resumed 12 h following major procedures and after ensuring adequate hemostasis. 16 Following uncomplicated invasive procedures, infusion may be resumed immediately. Because bleeding risk is increased during procedures that involve the instrumentation of large blood vessels or highly vascular organs, 14 physicians should show special caution before, during, and after such procedures. Meningitis associated with coagulopathy or severe thrombocytopenia (ie, platelet count, Ͻ 30,000 cells/L) may also potentially increase the risk of bleeding associated with drotrecogin alfa (activated).
Limitations
While the results were consistent with previously available data, the limitations of this study must be considered. The ENHANCE US trial was an openlabel trial. No randomization occurred, and no individual was blinded to the use of drotrecogin alfa (activated). The advantages of large, randomized clinical trials vs observational studies [17] [18] [19] [20] and the limitations of subgroup analyses [21] [22] [23] have been welldocumented. Small sample sizes in this study and among analyzed patient subgroups resulted in large 95% CIs. Because the ENHANCE US trial was not powered to show a statistically significant mortality difference with the placebo comparator group in the PROWESS US trial, 95% CIs overlapped between the two groups (Fig 2) . While mortality point estimates were consistent among the drotrecogin alfa (activated) and placebo groups reviewed, conclusions regarding the statistical significance of the mortality results of the drotrecogin alfa (activated) group in the ENHANCE US trial cannot be made.
Mortality differences between comparable APACHE II quartiles are likely due to small sample sizes and patient heterogeneity among subgroups. In addition, APACHE II score may not be an appropriate predictor of mortality for individual patients, because certain parameters that are used to calculate APACHE II scores (eg, Glasgow coma score) may be unobtainable or unreliable in patients with severe sepsis. 24 The APACHE II scoring system has been validated as a predictor of mortality in populations, but not in individuals, and was not intended to be used as a tool for individual risk assessments. Other baseline covariates (eg, number of organ failures, the use of a ventilator or vasopressor, and thrombocytopenia) may be more reflective of the clinical status of septic patients, and therefore more predictive of mortality. 25, 26 Conclusions In summary, this study provides evidence that the efficacy and safety of drotrecogin alfa (activated) is consistent with findings documented in the PROW-ESS trial. No clinically meaningful difference existed between all-cause mortality and bleeding among patients treated with drotrecogin alfa (activated) in the ENHANCE US trial and the PROWESS US trial. Treatment with drotrecogin alfa (activated) is associated with higher survival in patients with severe sepsis when compared to historical placebo control groups. The results from the ENHANCE US trial confirm the favorable benefit/risk profile of drotrecogin alfa (activated) as seen in the PROWESS trial.
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